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TITLE 

IMPROVED HEAT RESISTANT 
LIQUID CRYSTALLINE POLYMERS 
BACKGROUND 

5 This invention relates to certain liquid crystalline polymers 

(LCPs) containing alkali metal, magnesium, or calcium. The LCPs have a 
use temperature, as judged by heat deflection temperature, that is increased 
in comparison to the same LCPs lacking the alkali metal, magnesium, or 
calcium. It is well known that LCPs are useful in some of their applications 

10 because they can be used at high temperatures, such as 260°C. It has been 
discovered that when certain LCPs contain alkali metal, magnesium, or 
calcium, their melting points and their heats of melting are increased, while 
their use temperature, as judged by the heat deflection temperature (HDT) 
when they are filled with glass fiber, is also increased. LCPs that have higher 

15 use temperatures are particularly useful in moldings, such as electrical 
connectors, mechanical parts, eta, where higher use temperatures than 
would be provided by an LCP not containing the alkali metal, calcium, or 
magnesium are desired. 

SUMMARY OF THE INVENTION 

20 This invention relates to a composition comprising 

(a) about 15 to about 3,000 parts per million 
of an alkali metal or about 50 to about 3000 
parts per million of magnesium or calcium and 

(b) a liquid crystalline polymer consisting essentially 
25 of repeat units of the formulae 



(I), 



30 
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2- 



(ni), 




(V) 

10 

wherein 

the molar ratio of (I):(II) is from 65:35 to 40:60, 
the molar ratio of (III):(IVa plus IVb) is from 85:15 to 50:50, 
the molar ratio of the total of (I) and (II) to the total of (III) and 
15 (IV) is substantially 1:1, and 

there are 100 to 600 moles of (V) per 100 moles of (I) plus (II). 

DETAILED DESCRIPTION OF THE TNrWNJTTn^J 
The present invention relates to compositions comprised of 
certain LCPs containing alkali metal, magnesium, or calcium. In these 
20 compositions, in comparison to the same compositions without the alkali 
metal, magnesium, or calcium, the melting point of the LCP is increased, 
usually by about 5 to 10°C and the heat deflection temperature of a 30%* 
glass fiber filled LCP composition is increased, typically by about 10 to 30°C. 
As a result, the LCP compositions described herein have a higher use 
25 temperature, as determined by heat deflection temperature, than do the 
same LCP compositions without the alkali metal, magnesium, or calcium. 
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Alkali metals are preferred over calcium and magnesium. Alkali 
metals, as used herein, are selected from the group consisting of lithium, 
sodium, potassium, cesium, and rubidium metals. Preferred alkali metals 
are selected from lithium, sodium, and potassium metals. Potassium metal is 
the especially preferred alkali metal. 

The alkali metals, calcium, and magnesium are added to, and 
present in, the LCP in the form of salt(s). The metal itself is in the form of 
its cation. 

Most of the LCPs described herein have been previously disclosed 
in U.S. Patent 5,1 10,896 and U.S. Patent Application 07/878,150, filed May 
4, 1992, both of which are hereby included by reference. In the instant 
LCPs, repeat unit (I) is derived from hydroquinone, (II) is derived from 4,4'- 
biphenol, (III) is derived from terephthalic acid, (IVa) is derived from 2,6- 
naphthalene dicarboxylic acid, (IVb) is derived from 4,4'-bibenzoic acid, and 
(V) is derived from 4-hydroxybenzoic acid. Herein, when the number of 
moles of (IV) is given, it is the total number of moles of (IVa) and (IVb). 

Any molar ratio of (IVa) to (IVb) may be used, but in preferred 
compositions, the ratio of moles of (IVb) to (IVa) [(IVb) /(IVa)] is 0 to 
about 2. In preferred compositions, the molar ratio of (I):(II) is from 60:40 
to 40:60 and the molar ratio of (III):(IV) is from 85:15 to 60:40. When (IVb) 
is not present, it is preferred that there are 200 to 600 moles of (V) per 100 
moles of (I) plus (II), more preferably about 200 to 450. When (IVb) is 
present, it is preferred that there are 100 to 400 moles of (V) per 100 moles 
of (I) plus (II), more preferably about 200 to 350. 

The LCPs may be made by any method known in the art, but it is 
preferred if they are made by converting all starting material hydroxyl 
groups to ester groups, particularly acetates, and then condensing the esters 
with the carboxyl groups in the starting materials to form the polymer. It is 
especially preferred if all the starting materials are combined, reacted with a 
carboxylic anhydride (especially acetic anhydride) to esterify the hydroxyl 
groups present, and then condensed to form the LCP. 

The alkali metal, magnesium, or calcium (all in the form of salts) 
may be added to the LCP by any method that results in a reasonably uniform 
mixture; that is, the metal cations (salt) should be very well dispersed in the 
LCP. In one preferred method, the molten LCP may be mixed with the salt 
by using a mixer such as a twin screw extruder. If the salt is added to the 
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already formed LCP, it is preferred if at least about 20%, preferably at least 
50% or more, of the polymer end groups are carboxyl. The salt can also be 
1 added to the polymerization ingredients before or during the 
polymerization, especially before the polymerization is started (see 
5 Examples 1-11). If added before or during the polymerization, it is 

preferred that the polymerization be done by condensing the ester of the 
hydroxyl groups in the monomers with the carboxyl groups in the monomers. 
In another method, the alkali metal, magnesium, or calcium (salts) may be 
present as "impurities" in one or more of the starting materials. In this case, 
10 the final LCP must still contain the minimum amount of alkali metal, 
magnesium, or calcium required. 

In addition to the alkali metal, magnesium, and calcium (salts) 
present in the LCP, the compositions herein may also contain other 
materials, including but not limited to, fillers (such as talc, clay, glass fiber, 
15 carbon fiber, and aramid fiber), colorants, antioxidants, etc. Especially 

preferred fillers are fibers, such as glass fiber, carbon fiber, and aramid fiber. 
Glass fiber is most preferred. Also included in these materials (as for fillers) 
are alkali metal, magnesium and calcium salts, as in U.S. Patent 4,943,606. 
The total amount of alkali metal, calcium or magnesium present in the LCP 
20 may exceed 3,000 ppm, but it is believed that above 3,000 ppm the effect on 
the melting point and HDT is negligible in comparison with the effect at 
about 3,000 ppm. Therefore amounts of alkali metal, magnesium, and 
calcium above 3,000 ppm are considered herein "fillers". 

If a filler is added that contains an alkali metal, magnesium, or 
25 calcium, such metal (cations) are not included in the total of the metal ions 
in the polymer unless such metal ions leach from or react with the polymer. 
For instance, sodium may be present in glass fibers. If such sodium cannot 
leach from the fibers, it is not included in the metal cations used herein. 
However, if enough sodium leaches into the polymer to reach minimum 
30 level prescribed herein, it is included within the present invention. 

As stated above, the alkali metal, magnesium, and calcium are 
added to the LCP in the form of salts. The anion in the salt which is 
originally added to the LCP is not critical Useful salts include, but are not 
limited to, bisulfates, sulfates, carbonates, bicarbonates, hydroxides, halides, 
35 and carboxylates. Preferred salts are bisulfates, sulfates, carbonates, 

bicarbonates and carboxylates. Preferred carboxylates are salts of aliphatic 
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carboxylic acids containing 2 to 6 carbon atoms, and a carboxylate salt of any 
of the carboxylic acids from which the polymeric repeat units are derived. 
Especially preferred carboxylates are acetate and 4-hydroxybenzoate. 

In preferred compositions, about 100 parts per million (ppm) by 
5 weight to about 2000 ppm of the alkali metal, magnesium or calcium are 
present in the LCP composition. The amount of metal present in the 
composition can be measured by a variety of analytical techniques. Analyses 
used in the Examples herein were performed by Inductively Coupled Plasma 
Atomic Absorption, as described below. 

10 EXAMPLES 

In the following Examples, melting points were measured using 
ASTM D3418-82, modified by using a heating rate of 25°C/min. Melting 
points were measured on the LCPs without glass fiber. The melting points 
reported aTe from the first heat. HDT was measured by ASTM D648, using 

15 a force of 1.82 MPa, on LCP containing 30% by weight glass fiber. Metals 
content was determined by Inductively Coupled Plasma Atomic Absorption. 
This analysis was done by weighing about 10 g of the LCP sample into a 
large platinum dish and slowly ashing in a muffle furnace at 55Q°G After 
cooling to room temperature, the residue was wet with water. Then, 2 ml of 

20 concentrated HC1 and 15-20 drops of concentrated H 2 S0 4 were added. The 
dish was warmed on a hot plate until a clear solution was obtained. The 
solution was cooled and then diluted to 25 ml in a volumetric flask. The 
sample was then analyzed by Inductively Coupled Plasma Atomic 
Absorption at the appropriate wavelengths for the elements of interest 

25 Comparative Examples A & B and Examples 1-15 

In Comparative Examples A & B and Examples 1-15, two LCPs 
were used. Composition A was 50/50/70/30/320 (molar parts) of 
hydroquinone/4,4 '-biphenol/terephthalic acid/2,6-naphthalene dicarboxylic 
add/4-hydroxybenzoic acid, respectively. Composition B was 

30 50/50/85/ 15/320 (molar parts) of hydroquinone/4,4 '-biphenol/terephthalic 
acid/2,6-naphthalene dicarboxylic acid/4-hydroxybenzoic acid, respectively. 

Table 1 below lists the salts added to each of compositions at the 
beginning of the polymerizations, as well as the melting point of the as made 
polymer, and the HDT of the 30% glass filled LCPs. Table 2 lists the metal 

35 content of 3 examples as measured by Inductively Coupled Plasma Atomic 
Absorption. The metals content of Comparative Example B was also 
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measured. The polymer of Comparative Example B contained less than 10 
ppm of any alkali metal, 25 ppm of calcium, and 8 ppm of magnesium. 

Compositions A and B were prepared as set forth below. X1-X8 
values are reported in Table 1 . below. The reactants were charged, in a 
5 nitrogen atmosphere, into a reaction vessel equipped with a Vigreaux 

Column, condenser, and a stirrer (stir speed set at J£l RPM). The resultant 
reaction mixture was heated to reflux. Reflux began at a pot temperature of 
approximately 150°C. The reaction mixture was refluxed JX2 minutes, at 
constant temperate. During the next minutes, the pot temperature was 

10 slowly raised to2C4, during which time acetic acid byproduct was removed. 
Pressure was then^educed over the nextXS minutes to about 133 Pa (abs), 
while stirrer speed was reduced toJ£6 RPM and the pot temperature was 
increased to about The polymerization was terminated approximately 
£g hours after charging of the ingredients. Polymer was removed from the 

15 reaction vessel with a scooping tool and rapidly cooled to room temperature. 

Unless otherwise stated, the LCP composition of Examples 1-15 
were prepared as described above. The salts added to Examples 1-15 are 
provided in Table l r below. 

20 



25 



30 



35 
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Example 


Metal 


Metal Content, ppm 


3 


K 


290 


5 


Mg 


275 


7 


Li 


305 



5 Compounding of the LCPs and Molding Test Bars 

Unless otherwise specified, compounding of LCP compositions in 
the Examples above with any other component, including glass, was 
performed in a 28 mm Werner and Pfleiderer twin screw extruder having 
zones with conventional conveying elements, kneading or mixing elements, 

10 and a low pressure zone with venting under vacuum of any volatiles from the 
polymer melt, a second zone of conveying elements, and a die. As the 
compounded LCP compositions exited the die, they were quenched with a 
water spray and cut into pellets with a conventional strand cutter. The 
extruder barrel and die temperatures were maintained at about 290-330°C 

15 and 300-320°C, respectively. Prior to molding, the pellets were dried 
overnight for about 16 hours in a vacuum oven with nitrogen purge at 
100-130°C. The dried polymer pellets were molded into standard test bars 
as required per ASTM D638 for determining tensile properties, on either an 
Arburg molding machine equipped with a 42 gram capacity barrel or an 

20 HPM molding machine equipped with a 168 gram capacity barrel, with 

barrel temperature of 330-360 D C and injection pressures of 27.6-413 MPa. 



25 
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CLATMS 

1. A composition comprising 

(a) about 15 to about 3,000 parts per million of an 
alkali metal or about 50 to about 3000 parts per 
million of magnesium or calcium, and 

(b) a liquid crystalline polymer consisting essentially 
of repeat units of the formulae 



a). 




(n), 




o „ O 

c— <( )>— c- 
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II o 

C II 
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and 



(IVb), 
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wherein 

5 the molar ratio of (I):(II) is from 65:35 to 40:60, 

the molar ratio of (III):(IVa + IVb) is from 85:15 to 50:50, 
the molar ratio of the total of (I) and (II) to the total of (III) and 
(IV) is substantially 1:1, and 

there are 100 to 600 moles of (V) per 100 moles of (I) plus (II). 
10 2. The composition of Claim 1 wherein repeat unit (IVb) is not 

present. 

3. The composition of Claim 2 wherein the molar ratio of 
(I):(II) is from 60:40 to 40:60, the molar ratio of (Rl) to (IVa) is from 85:15 
to 60:40, and there are 200 to 450 moles of (V) to 100 moles of (I) plus (II). 
*5 4. The composition of Claim 1 wherein the molar ratio of 

(IVb) to (IVa) is 0 to about 2. 

5. The composition of Claim 1 wherein about 100 ppm to 
about 2000 ppm of said alkali metal, magnesium, or calcium is present. 

6. The composition of Claim 1 wherein said alkali metal, 

20 magnesium, or calcium is added in the form of a salt selected from sulfate, 
bisulfate, carbonate, bicarbonate, hydroxide, haltde, and carboxylate salts. 

7. The composition of Claim 1 wherein said alkali metal, 
magnesium, or calcium is added before or during polymerization of said 
liquid crystalline polymer. 

25 8- The composition of Claim 1 in which said alkali metal is 

selected from lithium, sodium, and potassium metals. 

30 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US 91/05714 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC. 5 C08G63/60 C08K3/00 C08K5/09 C08L67/02 C09K19/38 


According to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC 5 C08K C08L C08G 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic c 


lata base consulted during the international search (name of data base and, where practical, search terms used) 




C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


P,X 


CHEMICAL ABSTRACTS, vol. 120, no. 6, 
7 February 1994, Columbus, Ohio, US; 
abstract no. 55347, 
see abstract 

& JP,A,5 239 197 (P0LYPLASTICS K.K. JAPAN) 
17 September 1993 


1 


Y 


US,A,5 110 896 (MARION G. WAGGONER ET AL.) 
5 May 1992 

cited in the application 

see column 7, line 3 - line 14; claims 


1-8 


Y 


GB,A,2 150 580 (DART INDUSTRIES INC.) 3 
July 1985 

cited in the application 
see the whole document 

-/-- 


1-8 


| X| FuTther documents are listed in the continuation of box C. 


j y | Patent family members are listed in annex. 


* Special categories of cited documents : 

"A* document defining the general state of the art which is not 
considered to be of particular relevance 

"E* earlier document but published on or after the international 
filing date 

*L* document which may throw doubts on priority daira(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"0* document referring to an oral disclosure « use, exhibition or 
other means 

*P" document published prior to the international filing date but 
later than the priority date claimed 


"T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

*X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taker alone 

"Y* document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the an. 

'&" document member of the same patent family 


Date of the actual completion of the international search 

2 September 1994 


Date of mailing of the international search report 


Name and mailing address of the ISA 

European Patent Office, P.B. 581 8 Patent] aan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 eponi, 
Fax: (+ 31-70) 340-3016 


Authorized officer 

DE LOS ARC0S, E 



Form PCT/ISA/310 (second ihwt) (July 1W2) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT I : 

International application No. 

PCT/US 94/05714 



2 





uatxon) DOCUMENTS CONSIDERED TO BE RELEVANT 




Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 
J A 
A 


EP.A.O 046 052 (CELANESE CORPORATION) 17 

February 1982 

see claims; tables 1,2 

EP,A,0 337 727 (POLYPLASTICS CO. , LTD.) 18 

October 1989 

see claims; examples 

EP,A,0 407 839 (BAYER AG) 16 January 1991 
see claims; examples 


1 
1 
1 



Form PCT715A/3I0 (continuation of second chad) (July 1992} 



page 2 of 2 



IN I fcKNAUONAL. StAKth KtrUKl 
Lrvformauon on patent family members 



International application No. 
PCT/US 94/05714 



Patent document 
cited in search report 



Publication 
date 



Patent family 
meraber(s) 



Publication 
date 



JP-A-5239197 



NONE 



US-A-5110896 



G8-A-2150580 



05-05-92 



03-07-85 



EP-A-0046052 



17-02-82 



EP-A-0337727 
EP-A-0407839 



18-10-89 
16-01-91 



EP-A- 
JP-A- 



0490346 
5097983 



17-06-92 
20-04-93 



AU-B- 

AU-A- 

BE-A-- 

CA-A- 

CH-A- 

DE-A- 

FR-A,B 

JP-B- 

JP-A- 

NL-A- 

SE-A- 

US-A- 

CA-A- 
JP-C- 
JP-B- 
JP-A- 
US-A- 
US-A- 



572151 
2894784 

899785 
1251879 

664365 
3443219 
2555592 
5032415 
60120719 
8403066 
8406043 
4742149 

1174780 
1580953 
2004620 
57053556 
4425457 
4483955 



05- 05-88 

06- 06-85 
17-09-84 

28- 03-89 

29- 02-88 
24-10-85 
31-05-85 
17-05-93 

28- 06-85 

17- 06-85 
31-05-85 
03-05-88 

18- 09-84 
11-10-90 

29- 01-90 

30- 03-82 
10-01-84 
20-11-84 



JP-A- 
US-A- 



1261417 
4918154 



18-10-89 
17-04-90 



DE-A- 
JP-A- 
US-A- 



3923294 
3052921 
5037939 



24-01-91 
07-03-91 
06-08-91 



Form PCT.l&A.'SlO (p«*nt funily «no«x) (July 1992) 



BLANK 



